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phone user-habits: are they at increased risk of
brain tumours already? A cross-sectional study
Mary RedmayneAbstract
Background: Cellphone and cordless phone use is very prevalent among early adolescents, but the extent and
types of use is not well documented. This paper explores how, and to what extent, New Zealand adolescents are
typically using and exposed to active cellphones and cordless phones, and considers implications of this in relation
to brain tumour risk, with reference to current research findings.
Methods: This cross-sectional study recruited 373 Year 7 and 8 school students with a mean age of 12.3 years
(range 10.3-13.7 years) from the Wellington region of New Zealand. Participants completed a questionnaire and
measured their normal body-to-phone texting distances. Main exposure-metrics included self-reported time spent
with an active cellphone close to the body, estimated time and number of calls on both phone types, estimated
and actual extent of SMS text-messaging, cellphone functions used and people texted. Statistical analyses used
Pearson Chi2 tests and Pearson’s correlation coefficient (r). Analyses were undertaken using SPSS version 19.0.
Results: Both cellphones and cordless phones were used by approximately 90% of students. A third of participants
had already used a cordless phone for ≥ 7 years. In 4 years from the survey to mid-2013, the cordless phone use of
6% of participants would equal that of the highest Interphone decile (≥ 1640 hours), at the surveyed rate of use.
High cellphone use was related to cellphone location at night, being woken regularly, and being tired at school.
More than a third of parents thought cellphones carried a moderate-to-high health risk for their child.
Conclusions: While cellphones were very popular for entertainment and social interaction via texting, cordless
phones were most popular for calls. If their use continued at the reported rate, many would be at increased risk of
specific brain tumours by their mid-teens, based on findings of the Interphone and Hardell-group studies.
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Today’s young adolescents have grown up with cordless
phones and cellphones in their homes, and commonly
with old cellphones available to use as toys at home and
in pre-schools. This equipment is therefore an integral
part of their everyday lives. In the US, SMS (texting)
now dominates young adolescents’ communication
choices, and the use of cellphones, as a way to develop
and maintain social interactions, is growing [1].
Studies to assess young people’s telephone user-habits
have generally focused on cellphones. A German studyCorrespondence: mary.redmayne@gmail.com
School of Geography, Environment and Earth Sciences, Science Faculty,
Victoria University of Wellington, Wellington, New Zealand
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reproduction in any medium, provided the orfound 34.7% of mostly 9–10 year-olds owned a cellphone
by late 2002 [2]. The following year 45% of English
students were found to own one [3]. By 2005, 76% of
Hungarian 9–12 year-olds were reported owning a cell-
phone [4]. That year, 77% of Australian 11–13 year-olds
had their own [5] and a Swedish group reported that own-
ership among students aged 7–14 grew from 7.3% in
7 year-olds, 57.8% aged 10 and 95% aged 14 [6]. In early
2007, 96.5% of Spanish students aged 13–20 years owned
their own cellphone [7]. These studies demonstrate both
increasing uptake over those years as well as increasing
ownership with age. Extensive use was commonly asso-
ciated with being female [4,6,7].d. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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mental level and by scientists regarding possible adverse
health outcomes from frequent wireless phone use by
young people [8]. Cellphones are equipped with Adap-
tive Power Control (APC), which reduces the power
output to the minimum necessary to establish a good
connection. Cordless phones are a type of cellphone but
very few, and none in New Zealand, have APC; they
function on full power at all times providing the base is
plugged in and turned on at the wall.
Potential vulnerability to neurological and other health
effects from exposure to radiofrequencies and extremely
low frequencies is commonly regarded as higher in
young people than adults [9]. Discussions among the sci-
entific community now seek the best methods for risk
management and prevention of harm [10]. Recommen-
dations for a precautionary approach or for children to
minimise their use of cellphones are common [8,11].
New Zealand, however, does not recommend reduced
use of wireless phone by children, but states that “use of
cellphones by children should be a matter for informed
choice by parents” [12].
Studies have examined the relationships between dur-
ation and intensity of wireless phone use and several
types of brain tumour. The most consistently found risks
appear to be from intensive use over a few years, exten-
sive use over ten or more years, use predominantly on
the side on which the tumour appears (adult studies),
and living rurally. There have been only two publications
involving people younger than 20 years. One of these [13]
found a consistently greater risk for those whose first use
of wireless phones was before the age of 20. The other
found an exposure-response association between brain
tumours and the side of the head next to which the cell-
phone; these were statistically significant for subscriptions
> 4 years (operator recorded data) (Table five) [14]. It was
unexpected to find an increased risk for opposite side use,
but we note the study did not control for wearing metal-
framed eyeglasses. Davias and Griffin explain that the
basic resonant frequency for the whole frame of metallic
glasses is approximately 900 MHz [15], the same as that
on which many cellphones and cordless phones operate.
Could this impact on opposite-side RF absorption?
Aydin et al. [14] also reported a statistically signifi-
cantly increased risk of tumours in brain locations other
than temporal, frontal lobes and cerebellum in regular
cellphone users, locations where exposure is highest
when the phone is held at a normal angle to the head.
They argued against a causal relationship.
A few case–control studies have evaluated tumour risk
from cordless phone exposure. These have found a
statistically significant increase in risk of malignant
tumours and benign tumours related to extended hours
and years of use [16,17].Findings have not been consistent across all studies. The
most notable problem, common to all, is the large vari-
ance of residuals for recalled to billed cellphone use. This
is likely due to being asked to recall use from many years
ago, further confounded by answers from participants
with brain tumours being affected by reduced cognitive
acuity. Despite the problems faced in doing case–control
studies, they provide the most robust evidence [18].
No studies in the peer-reviewed literature have explored
the extent of wireless phone use among New Zealand’s
school-age population.
Our aim was to find out how, and to what extent,
New Zealand adolescents are typically using and exposed
to active cell phones and cordless landline phones
(active denotes switched on, transmitting or not, includ-
ing stand-by), and to consider implications of this in
relation to brain tumour risk, with reference to current
research findings.
Our focus was on self-reported user-habits. Actual
SMS (text) records provided a baseline by which to as-
sess the reliability of self-reporting.
Methods
Participants and setting
This cross-sectional survey explored adolescents’ wire-
less phone user-habits. Sixteen of the 142 schools in the
Wellington region of New Zealand each nominated one
year 7 and/or 8 class to take part. This amounted to 3%
of the region’s year 7/8 population, and provided a rep-
resentative sample based on school type (years 1–8, year
7–8, years 1–13, and years 7–15) and socio-economic
school ratings (decile 1–3, decile 4–7, decile 8–10).
Schools are allocated a decile number by the Ministry of
Education indicating the proportion of students drawn
from low socio-economic communities; the indicator is
based on Census data for households with school-aged
children in each catchment area [19]. Decile groups are
equated here with socio-economic status (SES). The
ratio of students at low: mid: high decile schools in this
region was approximately 5:10:16. There were 373 parti-
cipants aged 10.3 - 13.7 years (mean age 12.3), repre-
senting an 85% response rate. There were 207 male
(55.5%), 165 female (44.2%) and 1 transgender (0.3%)
participants. Most were aged 11 or 12 (87.4%) with 83%
of the remainder being 13 years old.
The study population was drawn from across New
Zealand’s Wellington Region. This includes the capital
city, several smaller urban centres, small towns and
rural areas.
Participants completed a questionnaire based on that
of the MoRPhEUS study (Abramson et al. 2009) and
took measurements of phone-to-body distance during
use. Working in pairs, participants measured their nor-
mal texting distances when sitting and when lying in bed
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and the partner measured the distance to the phone
from the abdomen, then (for those who used their phone
in bed) the phone holder lay down and held the phone
as used in bed while the partner measured the distance
from the phone to the bridge of the nose.
Exposure-metrics
Main exposure-metrics included estimated time spent
with an active cell phone close or adjacent to the body,
estimated time and number of calls on either phone
type, estimated and actual extent of SMS text-messaging
(texting), functions used, category of people texted,
and use at school. The last of these has been reported
elsewhere [20].
Statistical analysis
Relationships were assessed using Pearson Chi2 tests and
Pearson’s correlation coefficient (r). A p value of 0.05
was considered statistically significant. We applied a
method of reducing estimation bias [21] to one recalled
phone use variable for comparison. Analyses were
undertaken using SPSS version 19.0.
Ethics
Ethical approval was given by the Victoria University of
Wellington human ethics committee. Informed consent
was obtained from principals of participating schools
and parents of participating students.
Results
Cellphone user habits
Age of first cellphone use peaked at 10 years, but 37% of
participants first used one at ages 7 to 9, and 5.5%
reported first using one before the age of 7. Years of cell-
phone use was slightly positively skewed; the medianFigure 1 Short title: Comparative percentage distributions of cellpho
Three quarters of students owned a cellphone (70% owned one, 6% owne
not a statistically significant difference in ownership by age, although own
decile schools (poorer SES) were less likely to own one.was 2.77 years (interquartile range 2.47). Cellphone own-
ership at the time of the survey is shown by age, gender
and decile group at Figure 1. Most students regularly
used a cell phone (70% owned one, 6% owned two,
12.5% regularly borrowed). There was no clear associ-
ation between age and long cellphone calls weekly
(N=319, χ2 3.34, df4, p=0.503). Boys made more long
cellphone calls, although this was not statistically signifi-
cant (N=318, χ2 5.53, df2, p=0.063). Percentage distribu-
tions of long cellphone calls made and received
according to gender, age and school decile group are
shown in Figure 2.
Cellphone ownership was influenced by socio-
economic factors (N=373, χ2 7.493, df2, p=0.0004), with
those in low-decile schools less likely to own one. How-
ever, many students borrowed cellphones, and SES and
cellphone calls were negatively associated (N=319, χ2
19.380, (df4), p=0.001), with >1 long call weekly asso-
ciated with low SES (p=0.00014).
Reported cell phone use had a positive skew (Figure 3).
The median number of weekly voice calls was 3.2 (inter-
quartile range 6.9, full range 0–69). The median number
of billed weekly texts was 103 (interquartile range 217,
full range 0–1187). Texting, receiving calls and taking
photographs were the most popular functions (Table 1)
with at least 70% of cell phone owners having a texting
plan. Participants could also nominate other functions
they used. The most popular self-nominated uses were as
an alarm and as a calculator. More than half (58% of cell-
phone users) reported that they sent most texts to friends.
Almost 5% of cellphone users said their most texted
person was not a parent, friend or relative (Table 2).
The two most common places that cell phones were
carried were a side pocket in trousers or skirt (66%) and
a hoodie side pocket (18%). There was a wide variety of
locations for carrying a cell phone, a more unusual onene ownership by gender, age and school decile (SES). Legend:
d 2). Cellphone ownership was similar for girls and boys, and there was
ership was proportionally lower among 10 year olds. Those in low
Figure 2 Short title: Comparative percentage distribution of long cellphone calls (>10 minutes) made and received weekly. Legend: Use
of cellphones for long calls was light. There was no statistical difference according to age or gender, although girls were comparatively less likely
than boys to make more than 1 long call weekly. Of those low decile students who made long cellphone calls, they were proportionally more
likely to spend extended periods on the cellphone than the high decile students. There were too few 10 year olds to include them as a separate
category in the analysis.
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each from different schools, reported. Cellphones were
routinely kept turned on when being carried (90%).
Approximately 20% of cell phone owners kept their
phone active and in a pocket more than 10 hours daily.
The duration of carrying a cell phone by day and having
it turned on at night were positively related (χ2 35.96,
3df, p <0.00001).
Many sent texts daily from inside the pocket (n=136,
36.6%), and 64.9% (n=242) sent texts with the phone
resting in the lap. The median measured distance fromFigure 3 Short title: Box and whisker plots of total wireless
phone calls weekly. Legend: Cellphone and cordless phone use
had similar distributions, but cordless phone use was much greater.
The blue boxes indicate the 75th and 25th percentiles and the
median.the face for normal texting while standing was 30 cm,
with 20 cm to the abdomen when lap texting and 23 cm
to the eyes when texting in bed. Six students reported
usually sending texts with the phone against the abdo-
men; eighteen usually texted from within 10 cm of the
eyes when in bed.
Cellphones at night
Two-thirds of cellphone owners kept their cellphone be-
side the bed at night, 12.4% kept it under the pillow. Lo-
cation of the phone during the day was related to that at
night (χ214.5, 4df, p = 0.006) with a positive association
between keeping it in a pocket by day and under the pil-
low at night. Having the phone in or beside the bed was
positively associated with it being switched on overnight
(χ2 11.46, 2df, p < 0.003). More than a third (37%) of
those who kept a cellphone beside or in their bed at
night reported being woken by it at least weekly; having
an active phone nearby overnight was related to being
woken at least once a week (χ2 53.4, 1df, p = <0.00001).
One third reported being woken regularly by their phone
(13% 1–2 times weekly, 10% 3–4 times weekly, 7% 5–10
times weekly; 3% 11—100 times weekly). Being woken at
night was reflected in being chronically tired at school
(χ2 16.8, 1df, p = 0.00004).
Cordless landline user-habits
Most (N=341, 91.4%) participants reported using a cord-
less phone at home. The mean reported period of cord-
less phone use was 5.9 years (student data) (Figure 4),
and the mean period of cordless phone ownership
8.3 years (parent data). Almost one third (n=117) had
used a cordless phone for ≥ 7 years. Socioeconomic in-
fluence was apparent regarding the type of cordless
phone at home (N=127, χ2 12.727, df2, p=0.002), with
Table 1 Cellphone functions used by participants
Survey categories: % of all
participants (N)
% of those who used
a cellphone (N=331)
SMS texting 80.7 (301) 90.9
Receiving calls 60.1 (224) 67.7




Making calls 39.1 (146) 44.1
Self-nominated
categories:
Alarm 13.7 (51) 15.4
Calculator 8.8 (33) 10.0
Play stored games 4.6 (17) 5.1
Calendar 4.6 (17) 5.1
Bluetooth 4.0 (15) 4.5
Listen to stored material 3.2 (12) 3.6
Watch 2.7 (10) 3.0
Voice/video recorder 2.4 (9) 2.7
Timer/stopwatch 1.9 (7) 3.1
Send photos 1.9 (7) 2.1
Screen saver/tones etc. 1.9 (7) 2.1
Social networking < 1% (1) < 1% (1)
Check account < 1% (1) < 1% (1)
Not all functions were available on all phones. It is possible that some
participants allocated social networking to ‘internet’ use.
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a newer model Digital Spread Spectrum Frequency Hop-
ping (DSS FH) cordless phone, while low SES group was
associated with not having one at all.
The number of calls made and received weekly on a
cordless phone was positively skewed and had a median
of 11.8 (interquartile range 19.0, full range 0–250)
(Figure 3).
The cordless landline was by far the most popular
phone for long calls from home (70%), while 11% pre-
ferred a cellphone and fewer than 5% a wired landline
(Figure 5). The price structure for landline calls in New









Friend 193 61 24 18
Parent/
caregiver
79 127 51 24
Other relative 16 55 129 71
Someone
else
16 37 64 153
Not all participants answered all rankings. Equal rankings (n=31) encompassed
all combinations and are not shown. Bold print indicates the most prevalent
response for each textee’s popularity.included in a fixed monthly line rental. There was no as-
sociation between SES and the time spent daily on a
cordless phone (N=324, χ2 4.23, df6, p=0.645).
Recalled time per evening on a cordless phone also
had a strong positive skew (histogram component of
Figure 6). Students were asked how long they spent
daily, on average, on the cordless phone between the
end of school and when they went to sleep. Some
reported in minutes and some in fractions of hours. The
median time was 5 minutes. However, a third of cordless
phone users (32.8%) reported spending ≥ 15 minutes per
day on one and 23.8% spent 30 minutes per day on one.
Applying a method [21] to reduce estimation bias of
daily minutes on a cordless phone reduced original esti-
mates that were > 60 and increased those that were <
60. The resulting forecast values suggested almost half
those with a cordless phone (47.6%) spent ≥ 15 minutes
on a cordless phone daily and 25.3% spent ≥ 30 minutes.
Girls were statistically significantly more likely than boys
to spend a longer time on a cordless phone daily
(N=323, χ2 26.54 (df3) p<0.00001). There was no clear
association between age and cordless phone minutes
daily (N=324, χ2 2.66 (df6) p=0.850) (Figure 7).
Cellphone and cordless phone use were correlated
(Pearson r 0.255, 2-tailed, p<0.0001).
Parents’ perception of possible health risks from wire-
less phones was greater for cellphones than cordless
phones (Table 3).
Discussion
The use of both cellphones and cordless phones was a
normal activity for the large majority of participants and
each was used very differently although the amount of
cordless phone use was positively and systematically
related to the amount of cellphone use, as reported else-
where [6,22]. The cellphone was more popular for text-
ing, for internet, games and music, as a camera, and for
receiving phone calls than for making calls. The cordless
phone was clearly the most popular choice for long
phone calls.
We now discuss some long-term health considerations.
In the years since the study, the popularity of the most
popular functions described above has grown, with social
networking increasing in popularity among adolescents
since 2009 [1]. In our study, many students used the
phone in their lap, sometimes with the lower edge resting
against the abdomen with the phone at right-angles to the
body. Peak-penetration of the energy is focused more
deeply when the phone’s antenna is at right angles to the
body [23]. A majority carried it in a pocket, with many
texting from that location. Smartphones, which have
rapidly gained popularity with adolescents [24,25] present
new challenges as they are continually transmitting data,
especially when connected to Twitter or Facebook, and
Figure 4 Short title: Years of cordless phone use at the time of the survey (mid 2009). Legend: The mean age participants reported starting
cordless phone use was 6 ½ years. All bars to the right of the broken line indicate students who will have had ≥ 10 years’ use by mid-2013.
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cation, C Zombolas, Managing Director, EMC Technolo-
gies, 5 December 2012). Use of a cellphone in these
locations could be of concern for future fertility [20].
Another consideration is the growth plate of the
femur, located in the metaphyseal region, which would
lie directly under the side pocket in many cases. The
femur and growth plate are in a highly proliferative state
during the adolescent years.
Exposure of T-lymphoblastoid leukaemia cells to un-
modulated 900 MHz frequencies has been demonstrated
to increase apoptosis (natural cell death), but continued
exposure resulted in pro-survival signals preventing deathFigure 5 Short title: Preferred phone for long calls made at home, wi
long calls from home. Participants provided reasons for their choice of favo
compiled. Mobility was the most important reason. For many, this was to aof damaged cells [26]. Other research observed increased
inhibition of DNA repair foci in stem cells after exposure
to typical GSM and UMTS signals; the effect was thought
to be caused by the extremely low frequencies resulting
from modulation [27]. Fibroblasts mostly adapted when
exposure was chronic, but stem cells did not.
Increased protein synthesis has been observed when
proliferating human fibroblasts were exposed to low
intensity 1800 MHz radiofrequency [28], commonly
used by cellphones as a carrier frequency.
There has so far been no research examining bone
cancer and cellphone radiofrequency exposure, although
there are a few leukaemia studies. In vivo research ofth reasons. Legend: Cordless phones were by far the most popular for
urite phone from which the categories shown in the legend were
llow them to do something else at the same time. N=369.
Figure 6 Short title: Time since survey to reach 1640 hours’ cordless phone use at the reported daily rate. Legend: This figure has a dual
purpose. It shows both the reported time spent daily on a cordless phone (as a histogram) and the years since 2009 that it will take for
participants to reach 1640 hours on a cordless phone at the reported rate of use (the black curved line). The curved line charts the critical rate of
use over x years to reach 1640 hours’ use since the survey. The broken line indicates mid-2013 (4 years since the survey). All those to the right of
where the lines cross (i.e. more than 60 mins/day) will have had ≥ 1640 hours’ exposure by mid-2013. This is equivalent to the top decile
Interphone use. Previous use and cellphone use are not included. Only those who reported >15 minutes/day are shown in the histogram.
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restricted to human adults and animals.
Implications for brain tumour risk
Cardis and Sadetzki, lead researchers in the Interphone
study, remark that, “Indications of an increased risk in
high- and long-term users from Interphone and other
studies are of concern” (p.170) as, “Even a small risk at
the individual level could eventually result in a consider-
able number of tumours and become an important
public-health issue” [29]. It is, then, appropriate to com-
pare our young generation’s extent of phone use with
that which has been found in various studies to be
related to increased risk of brain tumour.Figure 7 Short title: Comparative percentage distributions of daily m
not differ by age or school decile (SES), but girls were more likely to spend
olds to include them as a separate category in the analysis.The distribution of calls made and received on these
phones was very similar, but the extent of cordless
phone use was much the greater and their years of use
were longer. This means that overall radiofrequency
exposure in the brain of the participants was likely to be
greater from their cordless phone use than cellphone
use. By mid-2013, 46% of all participants will have used
a cordless phone for ≥ 10 years.
In 2010, the International Agency for Research on
Cancer met to assess the carcinogenicity of RF. After
evaluating the available research, the committee rated
“radiofrequency electromagnetic fields, such as, but not
limited to, those associated with wireless phones” as a
2B carcinogen. This decision largely hung on theinutes spent on a cordless phone. Legend: Cordless phone use did
extended periods on the cordless phone. There were too few 10 year
Table 3 Parents’ perception of health risk from wireless
phones





Don’t know 18.5 26.6
Parents’ perception of health risk was greater for cellphones than cordless
phones.
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pooled analysis of 2 case–control studies of wireless
phone use and the risk of malignant brain tumours by
the Hardell-group [30] and the 13-country Interphone
study [31].
Most of the Interphone results were statistically insig-
nificant or even suggested either a protective effect or
methodological problems, but there were a few statisti-
cally significant results in categories of heaviest or long-
est use [31]. An association of intensive and extended
wireless phone use with some brain tumours is common
to most studies in this area.
One studied tumour-type has been gliomas, which are
generally malignant. Interphone participants had an
odds ratio (OR) 1.40, 95% confidence interval (CI) 1.03-
1.89, between ≥ 1640 hours cellphone use and glioma,
while that extent of use over only 1–4 years before the
reference date had an OR 3.77, 95% CI 1.25-11.4 [31].
Intensity of use appears important as, when only those
with ≥ 10 years use were considered, the result was not
statistically significant (OR 1.34, 95% CI 0.90-2.01). Odds
ratios were higher when proxy interviewers were
excluded and only data collected by experienced inter-
viewers used.
In the Hardell-group pooled analysis, the highest OR
was in those who began wireless phone use before the
age of 20 years and had >1 year’s use [16]. The odds
ratio of malignant tumour for this age group from cord-
less phone use was OR 2.1, 95% CI 0.97-4.6 while for
digital cellphones it was OR 3.7, 95% CI 1.5-9.1. When
data for those with >1 year’s wireless phone use (all age
groups) were analysed, neither cellphone nor cordless
phone use were independently related to increased malig-
nant tumour incidence [16]. But all combinations of phone
use were. For instance, use of both a digital cellphone and
a cordless phone had OR 1.4, 95% CI 1.1-1.8 while
analogue cellphone and a cordless phone had OR 1.6, 95%
CI 1.2-2.2. In our study, 274 participants (74%) had used
both a cordless and cellphone for more than a year.
In many respects, the Interphone findings were not
consistent with those found in other studies, particularly
those of Hardell’s group. These differences have beenanalysed [32,33], and the authors point out that Hardell’s
studies generally include a higher number of participants
with ≥ 10 years’ use. The methodology of the two groups
also differed. When Hardell’s group re-analysed their
case–control glioma study [16] using the same criteria
as that in the Interphone study Appendix 2 [34] the
results for ≥ 10 years and cumulative use ≥ 1640 hours
were similar [35]. For instance, the ORs and 95% CI for
those with glioma and ≥ 1640 hours use were 1.89 (1.08-
3.30) compared to 1.82 (1.15-2.89), respectively. This
represented those aged 30–59. Further analysis by the
Hardell-group study, including ages 20–59, increased
the OR to 2.23 (1.30-3.82).
If the reported rate among those in our study using a
cordless phone stayed the same since participating in the
survey, and if cordless phone and cellphone use carry a
similar risk, the total hours of intensive cordless phone
use alone will place 22 students in our study (6%) in the
category of at least 1640 hours’ use over the 4 years from
the survey to mid-2013, suggesting a 3.77-fold increased
risk of glioma. At that time, their average age will be
16¼ years.
The present study used participants’ self-reported data.
Four factors suggest 1640 hours of use would be reached
sooner rather than later by the heavy users. Firstly, prior
cordless and all cellphone use are not included in calcu-
lations of the time it will take to reach 1640 hours’ use.
Secondly, the extent of cordless phone use is positively
related to that of cellphone use for calls, both in this
study and elsewhere [6,22], so heavy use of one phone
type is compounded by heavy use of the other. Thirdly,
several studies have shown that adolescent wireless
phone use tends to increase rather than decrease or re-
main static from pre-adolescence through the high
school years [6], not beginning to decrease until the age
of 18 [36]. Finally, the heaviest users’ underestimated
their extent of texting [37] so this may well also have ap-
plied to their estimates of phone use.
Conclusions
By 2009, New Zealand’s adolescents were using both
cellphones and cordless phones extensively and in many
ways. The extent and duration of cordless phone use by
some students raises concerns that by the age of 16
many were already in a category of increased risk of
brain tumours; in the adolescent years leading up to this,
their brains are undergoing dramatic transformation
[38]. Rodier suggests that because the central nervous sys-
tem and its myelinisation developmental processes are
vulnerable to interference by agents that adult physiology
can cope with, it is reasonable to expect that the later
stages of brain development present particular risks [39].
The common habit of carrying and using a cellphone
in a pocket or the lap suggests a possible avenue for
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from wireless technology is related to tumours found in
the proximal femur or pelvis. Important examples are
Ewing’s sarcoma, osteosarcoma, and fibrosarcoma of
bone, all of which occur most often in young people [40].
New Zealand’s wired landline billing system varies
from that of some countries making local cordless calls
free while cellphone calls are relatively costly. So, while
the balance of cordless to cellphone use may vary be-
tween countries there are common threads. Texting has
become popular internationally among young people,
and extensive calls on one phone type or another are
common among a proportion of that population. Advice
to reduce exposure is not likely to be very effective with
adolescents who feel impervious to risk. An alternative
approach which would enable informed choice is educat-
ing children, parents and teachers about radiofrequency
technology and the circumstances under which cellphones
increase and decrease their energy output. Teens can then
be encouraged to formulate ways they can continue using
phones while reducing their radiofrequency exposure.
Education is a step supported elsewhere [8,10].
Abbreviations
SMS: Short message service; APC: Adaptive Power Control; OR: Odds ratio;
CI: Confidence interval; ICNIRP: International Commission on Non-Ionizing
Radiation Protection; SAR: Specific Absorption Rate.
Competing interests
The author declares that she has no competing interests.
Author’s contribution
The named author adapted and developed the questionnaire; collected,
entered and analysed the data; reviewed the relevant literature; and
prepared the manuscript.
Acknowledgements
Thanks go to the principals, teachers and students of the Wellington
Regional Schools for their willing and often enthusiastic participation. The
author is grateful to Euan Smith and Michael Abramson for their advice and
support, and the latter for permission to use and adapt the MoRPhEUS study
questionnaire. I am very grateful to the 4 reviewers whose thoughtful and
careful appraisal and feedback has helped me to greatly improve the paper.
MR gratefully acknowledges scholarship funding from Victoria University of
Wellington and the Dominion Post, which is a Wellington daily newspaper.
The study itself was not funded.
Received: 19 September 2012 Accepted: 7 January 2013
Published: 10 January 2013
References
1. Lenhart A: Teens, smartphones & texting. http://pewinternet.org/Reports/
2012/Teens-and-smartphones/Communication-choices/Texting-dominates-
teens-general-communication-choices.aspx.
2. Böhler E, Schüz J: Cellular telephone use among primary school children
in Germany. Eur J Epidemiol 2004, 19:1043–1050.
3. Davie R, Panting C, Charlton T: Mobile phone ownership and usage
among pre-adolescents. Telematics and Informatics 2004, 21:359–373.
4. Mezei G, Benyi M, Muller A: Mobile phone ownership and use among
school children in three Hungarian cities. Bioelectromagnetics 2007,
28:309–315.
5. Inyang I, Benke G, Dimitriadis C, Simpson P, McKenzie RJ, Abramson M:
Predictors of mobile telephone use and exposure analysis in Australian
adolescents. J Paediatr Child Health 2009, 46:226–233.6. Söderqvist F, Hardell L, Carlberg M, Hansson Mild K: Ownership and use of
wireless telephones: a population-based study of Swedish children aged
7–14 years. BMC Public Health 2007, 7:105.
7. Sanchez-Martinez M, Otero A: Factors associated with cell phone use in
adolescents in the community of Madrid (Spain). Cyberpsychol Behav
2009, 12:131–137.
8. Sagi OI, Sadetzki S: Determining health policy for sensible mobile phone
use: current world status. Harefuah 2011, 150:216–220–306.
9. Leitgeb N: Mobile phones: are children at higher risk? Wien Med
Wochenschr 2008, 158:36–41.
10. Kandel S: Rapporteur's report on session 5: Risk management &
prevention [Non-ionising Radiation and Children's Health ICNIRP/
WHO conference; Ljubljana May 2011]. Prog Biophys Mol Biol 2011,
107:477–482.
11. Council of Europe: The potential dangers of electromagnetic fields and their
effects on the environment: Parliamentary Assembly, Council of Europe 2011.
http://assembly.coe.int/mainf.asp?link=/documents/adoptedtext/ta11/
eres1815.htm.
12. Cellphones and cellsites http://www.nrl.moh.govt.nz/faq/
cellphonesandcellsites.asp.
13. Hardell L, Carlberg M, Hansson Mild K: Epidemiological evidence for an
association between use of wireless phones and tumor diseases.
Pathophysiol (Amsterdam) 2009, 16:113–122.
14. Aydin D, Feychting M, Schüz J, Tynes T, Andersen TV, Schmidt LS, Poulsen
AH, Johansen C, Prochazka M, Lannering B, Klaeboe L, Eggen T, Jenni D,
Grotzer M, Von der Weid N, Kuehni CE, Röösli M: Mobile phone use and
brain tumors in children and adolescents: a multicenter case–control
study (CEFALO). J Natl Cancer Inst 2011, 103:1264–1276.
15. Davias N, Griffin DW: Effect of metal-framed spectacles on microwave
radiation hazards to the eyes of humans. Med Biol Eng Comput 1989,
27:191–197.
16. Hardell L, Carlberg M, Hansson Mild K: Pooled analysis of two case–control
studies on use of cellular and cordless telephones and the risk for
malignant brain tumours diagnosed in 1997–2003. Int Arch Occup Environ
Health 2006, 79:630–639.
17. Hardell L, Carlberg M, Hansson Mild K: Pooled analysis of two case–control
studies on the use of cellular and cordless telephones and the risk of
benign brain tumours diagnosed during 1997–2003. Int J Oncol 2006,
28:509–518.
18. Radiofrequency electromagnetic field: evaluation of cancer hazards http://foro-
rni.cadunmsm.com/ponencias/Lima_Peru_BAAN.pdf.
19. What are deciles? http://www.minedu.govt.nz/NZEducation/
EducationPolicies/Schools/SchoolOperations/Resourcing/
ResourcingHandbook/Chapter1/DecileRatings.aspx.
20. Redmayne M, Smith A, Abramson M: Adolescent in-school cellphone
habits: a census of rules, survey of their effectiveness, and fertility
implications. Reprod Toxicol 2011, 32:354–359.
21. Redmayne M, Smith E, Abramson M: A forecasting method to reduce
estimation bias in self-reported cellphone data. J Expo Sci Environ
Epidemiol 2012, doi:10.1038/jes.2012.70. In print.
22. Redmayne M, Inyang I, Dimitriadis C, Benke G, Abramson M: Cordless
telephone use: implications for mobile phone research. J Environ Monit
2010, 12:809–812.
23. Ismail N, Mohd Jenu MZ: Modeling of electromagnetic wave penetration in a
human head due to emissions from cellular phone, 2007 Asia-Pacific
conference on applied electromagnetics proceedings: 2–6 December 2007.
Melaka: IEEE Xplore; 2007.
24. Lenhart A: Teen, smartphone & texting, Pew Internet & American Life Project.
Washington: Pew Research Center; 2012.
25. UK's teenagers 'addicted' to BlackBerry, iPhone and Android http://www.
channel4.com/news/uks-teenagers-addicted-to-blackberry-iphone-and-
android.
26. Marinelli F, La Sala D, Cicciotti G, Cattini L, Trimarchi C, Putti S, Zamparelli A,
Giuliani L, Tomassetti G, Cinti C: Exposure to 900 MHz electromagnetic
field induces an unbalance between pro-apoptotic and pro-survival
signals in T-lymphoblastoid leukemia CCRF-CEM cells. J Cell Physiol 2004,
198:324–332.
27. Markova E, Malmgren L, Belyaev I: Microwaves from mobile phones inhibit
53BP1 focus formation in human stem cells stronger than in
differentiated cells: possible mechanistic link to cancer risk. Environ
Health Perspect 2009, 118:394–399.
Redmayne Environmental Health 2013, 12:5 Page 10 of 10
http://www.ehjournal.net/content/12/1/528. Gerner C, Haudek V, Schandl U, Bayer E, Gundacker N, Hutter HP, Mosgeller
W: Increased protein synthesis by cells exposed to a 1,800-MHz radio-
frequency mobile phone electromagnetic field, detected by proteome
profiling. Int Arch Occup Environ Health 2010, 83:691–702. doi:610.1007/
s00420-00010-00513-00427 [published Online First: 00410 February 02010].
29. Cardis E, Sadetzki S: Indications of possible brain-tumour risk in mobile-
phone studies: should we be concerned? Occup Environ Med 2011,
68:169–171.
30. Hardell L, Carlberg M, Hansson Mild K: Pooled analysis of case–control
studies on malignant brain tumours and the use of mobile and cordless
phones including living and deceased subjects. Int J Oncol 2011,
38:1465–1474.
31. Interphone Study Group: Brain tumour risk in relation to mobile
telephone use: Results of the INTERPHONE international case–control
study. Int J Epidemiol 2010, 39:675–694.
32. Levis AG, Minicuci N, Ricci P, Gennaro V, Spiridione G: Mobile phones and
head tumours: a critical analysis of case–control epidemiological studies.
Open Environ Sci 2012, 6:1–12.
33. Levis AG, Minicuci N, Ricci L, Gennaro V, Spiridione G: Mobile phones and
head tumours: the discrepancies in cause-effect relationships in
epidemiological studies - how do they arise? Environ Health 2011,
10:1–15.
34. Interphone Study Group: Appendix 2: Brain tumour risk in relation to
mobile telephone use: results of the INTERPHONE international case–
control study. Int J Epidemiol 2010, 39(Supplementary data). http://ije.
oxfordjournals.org/content/suppl/2010/2005/2006/dyq2079.DC2011/
Interphone_Appendix2012.pdf.
35. Hardell L, Carlberg M, Hansson Mild K: Re-analysis of risk for glioma in
relation to mobile telephone use: Comparison with the results of the
Interphone international case–control study. Int J Epidemiol 2011,
40:1126–1128.
36. African-Americans, women and Southerners talk and text the most in the U.S.:
http://blog.nielsen.com/nielsenwire/page/5/?s=mobile+phone+use+2009.
37. Redmayne M, Smith A, Abramson M: Patterns in wireless phone
estimation data from a cross-sectional survey: what are the implications
for epidemiology? BMJ Open 2012, 2:e000887.
38. Blakemore S-J, Choudhury S: Development of the adolescent brain:
implications for executive function and social cognition. J Child Psychol
Psychiatry 2006, 47:296–312.
39. Rodier PM: Environmental causes of central nervous system
maldevelopment. Pediatrics 2004, 113:1076–1083.
40. Wheeless CR III: Tumors of the proximal femur. In Wheeless' Textbook of
Orthopaedics. Edited by Wheeless CR III. 2012. http://www.wheelessonline.
com/ortho/tumors_of_the_proximal_femur.
doi:10.1186/1476-069X-12-5
Cite this article as: Redmayne: New Zealand adolescents’ cellphone and
cordless phone user-habits: are they at increased risk of brain tumours
already? A cross-sectional study. Environmental Health 2013 12:5.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
